chronic copper poisoning in 4-to 12-week-old single-suckled calves. Agri-Pract 17:36-40. 14 Copper is an essential micronutrient and is necessary for numerous physiologic processes. 3 Supplementing gestating cattle diets with copper is done in an attempt to increase copper stores in newborn calves, enhance performance, and decrease disease. 6, 9, 14, 25 Copper deficiency has become associated with a variety of disease problems. 9, 11, 12, 14, 15 Data regarding the association of subclinical copper deficiency and disease are equivical, as effects of subclinical copper deficiency on the immune system have not been clearly documented in vivo. 1, 22, 23, 25 In vitro studies demonstate inconsistent effects on humoral immune response, acute phase protein response, and stimulus-dependent changes in lymphocyte blastogensis. 1, 13, 16, 25 Epidemiologic studies have associated subclinical copper deficiencies in calves with abomasal ulcers and calf diarrhea. 9, 11, 12, 14, 15 Based on these studies, producers sometimes begin supplementation programs without first assessing herd copper status. This approach can lead to unnecessary expense with no appreciable decrease in disease prevalence and, occasionally, poisoning. 2, 5, 8, 17, 20, 22, 24, 25 Supplementation of cattle with intrareticular copper boluses at label doses is reported to be safe and effective. 4, 6, 21 Epidemiologic and pathologic features of chronic copper intoxication of suckling calves improperly supplemented with intrareticular copper boluses are documented in this report. Poisoning with these boluses was reported in Nebraska and Wyoming, but descriptive features and epidemiologic details were limited. 8 A 410-cow crossbred beef cattle operation in North Dakota experienced an increase in calf mortality during the summer of 1993. Five 150-175-lb 1-month-old calves died between May 6 and May 14. Another 10 calves died during the next 30-day period. The owner reported that calves spent increased amounts of time at the water source. Polydipsia was not observed, and abdominal pain was suspected to be responsible for this behavior. Calves were afebrile and lethargic, with icterus of the conjuctiva and sclera. Twelve calves died within 12-24 hours after clinical signs were observed. Three additional calves died after having signs for 3-5 days. Four clinically ill calves recovered.
This herd of 410 cows had received 400 mg of an injectable cupric glycinate supplement a on March 15, approximately 30 days prior to calving. Cows were fed a total mixed ration which included 14.09 kg mixed prairie hay (CRP), 2.73 kg barley, 450 g 12-12 mineral mix, and 227 g trace mineral salt per head per day. The mineral mix contained copper sulfate, and the trace mineral salt contained copper oxide. Retrospectively, feedstuffs were analyzed for copper by inductively coupled plasma (ICP) analysis to determine daily intake (Table 1) . A 44% protein soybean meal was fed at a rate of 227 g/head/day and was not available for copper analysis. Ration analysis indicated daily copper intake of approximately 74.82 mg/head/day during late gestation and early lactation.
Serum alkaline phosphatase (401 and 759 IU/liter), aspartate aminotransferase (94 and 764 IU/liter), and total bilirubin (12.7 and 33.0 mg/dl) were elevated in 2 calves tested. Both calves were mildly hypoglycemic (30 and 19 mg/dl) and moderately hyperkalemic (6.3 and 8.7 mEq/liter). Sodium, chloride, serum urea nitrogen, creatinine, calcium, phosphorus, total protein, and albumin were normal. Gross necropsy findings described for seven calves by the referring veterinarians included generalized icterus, muscle pallor, and variable yellow to orange discoloration of liver. Dark urine and dark kidneys were present in 5 calves. Urine was described as dark yellow in 2 calves that had only mild icterus and no renal discoloration.
Selected tissue samples from 5 calves were submitted to the North Dakota Veterinary Diagnostic Laboratory for evaluation. Formalin-fixed sections of liver, kidney, lung, intestine, cardiac muscle, thymus, and spleen were processed routinely, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for light microscopic examination. Severe diffuse biliary and intracanalicular cholestasis and mild periportal fibrosis were present throughout the livers of most calves. One calf had centrolobular necrosis with minimal periportal fibrosis. Periportal fibrosis was irregular and extended from portal regions into regions of hepatocellular necrosis (Fig.  1 ). Hepatocytes were swollen and cytoplasm mildly vacuolated. Necrosis was generalized, affecting scattered hepatocytes in periacinar regions. Low numbers of histiocytes were present in the centroacinar fibrous tissue and in areas of necrosis (Fig. 2) . Rhodanine staining of hepatic sections was positive in each liver examined. Maximum positive staining for copper was in macrophages and Kupffer cells in periportal areas and near areas of necrosis ( Fig. 3) . Large, coarse granular accumulations of rhodamine-positive material were present. Hepatocellular copper demonstrated by rhodamine staining was less prominent and consisted of fine granules in periportal hepatocytes. Coarse granular rhodamine staining was present in scattered necrotic hepatocytes.
Hepatic copper levels were assayed in 13 calves ( Table  2) . Hepatic copper was assayed by atomic absorption at 324.7 nm after digesting 1-3 g of liver with a mixture of perchloric and nitric acid. The mean hepatic copper concentration was 436 (SD 274) ppm on a wet weight basis (range 136-935). Renal copper averaged 108 (SD 30) ppm (range 52-136) in these calves.
Elevation of alkaline phospatase (normal 0-488 IU/liter), aspartate aminotransferase (normal 78-132 IU/liter), and total bilirubin (normal 0.01-0.47 mg/dl) suggested hepatocellular injury, which was cofirmed histologically. Hypoglycemia (normal 45-75 mg/dl) and hyperkalemia (normal 3.9-5.8 mEq/liter) were attributed to delayed clot removal.
A diagnosis of copper toxicosis was made based on clinical and pathologic findings and further supported by elevated hepatic (normal 25-100 ppm wet basis) and renal (normal 4-6 ppm wet basis) copper levels. 11, 12, 18 Levels associated with toxicity are 250-800 ppm and 10-122 ppm wet basis for liver and kidney, respectively. 17, 18 Copper levels in these calves were supportive of the diagnosis and consistent with previous reports. 5, 8, 18, 20, 24 Recommended dietary copper for a 1,000-lb cow consuming 9.1 kg dry matter ranges from 36.4 to 91.0 mg per day. 9, 19 Dietary intake in this herd appeared adequate prior to supplementation. Precalving copper glycinate injections were given to enhance immune response to scour vaccine in gestating cows. These injections are expected to have boosted hepatic copper stores in newborn calves but did not explain calf mortality. 7, 10, 11 Copper sources for nursing calves include body stores (liver) and diet. The owner was questioned regarding feedstuffs offered to calves. A copper bolus, b 12.5 g copper oxide as wire particles, had been given to each of 144 calves at birth beginning on April 10. The remaining 146 calves, born in the 21 days prior to purchase of boluses, were caught and treated during the second and third weeks of April. A total of 290 calves were treated with the boluses. The owner felt supplementation would decrease abomasal ulcers in calves. Five dead calves that were treated at birth weighed an average of 41.5 kg (SD 5.2 kg). An average dose of 301 mg/kg copper oxide (range 262-361 mg/kg) was given. The other 10 calves that died were born prior to purchase of copper oxide supplement and had been treated at 7-14 days of age (range 1-21 days). Calves averaged 52 days of age (range 28-65 days) at death.
Multiple independent sources of information were used by the owner to design the copper supplementation program, including 2 veterinarians, a nutritionist, and a copper supplement salesperson. The owner started supplementation without dietary analysis and built a program based on a combination of independent recommendations. The owner was unaware of the additive effects of multiple copper sources and potential for toxicosis. Label indications for the copper boluses were for use in calves from 150 to 500 pounds body weight. Label precautions recommended against use of copper boluses in cattle of unknown copper status or in cattle supplemented with other sources of copper. The copper status of the calves was unknown, and 3 sources of supplemental copper were being provided to the cows. Calves were likely born with adequate to high hepatic copper stores because of recent cow supplementation.
Copper increases in fetal liver after 180 days gestation and copper supplementation of the cows is expected to provide adequate copper for calves during the nursing period. 7, 10, 18 The absorption of copper in young ruminants is higher than that in adults.
Copper intoxication after administration of the bolus posed a serious problem, because the copper source could not easily be removed from the animals at risk. Death losses began 30 days after bolus administration and continued for 39 days. Ages of dying calves ranged from 28 to 65 days. Total mortality was 5.2% in the 290 treated calves, and case fatality rate was 79%. The dosage was uniform, and similar mortality rates are possible in other intoxicated herds.
Copper levels did not appear to correlate well with birthweight, age at death, or time since administration of the bolus. Calf E, with relatively low hepatic copper concentrations, had renal concentrations supporting a diagnosis of copper toxicosis. Renal concentrations were not available from calf L, but toxicosis was diagnosed based on clinical signs and gross pathology.
Copper toxicosis in cattle is infrequent. Clinical and pathologic findings are more variable in cattle than in sheep, which are more commonly poisoned. 20 Two forms of copper toxicosis are described in cattle. 17 Acute toxicosis is associated with injectable forms of copper and chronic poisoning is associated with supplementation errors. 5, 24 In acute toxicosis animals, are often found dead 12-36 hours postinjection. When clinical signs are observed, they include dyspnea, depression, gastroenteritis, head pressing, and circling. Massive centrolobular hepatic necrosis and hemorrhage occurs. Icterus is absent and the liver has an accentuated lobular pattern. Mild pulmonary edema is common. Copper concentrations in liver may be normal or only slightly elevated. 5, 20 Chronic poisoning results in clinical signs that sometimes go unobserved. Lesions are variable and the source of copper may not always be readily apparent. 24 Clinical signs include depression, anorexia, icterus, colic, discolored urine, and decreased rumen activity. Most of these clinical signs were exhibited by calves in this report.
Lesions in this case are similar to those in previous reports including hepatic necrosis and fibrosis. Nephrosis was not prominent in these calves, and hemoglobinuria was inconsistent. Marked variations in disease expression have been reported in calves intoxicated by other forms of copper. 20 Increased bilirubin, gamma glutamyl transferase and aspartate amino transferase are expected. Copper concentrations found in tissues from this herd were similar to those of other reports. Copper levels did not correlate with the extent or pattern of hepatic necrosis and fibrosis. Rhodamine staining was detectable in all cases.
Copper supplementation is necessary in many regions of the country. Copper supplementation programs should be part of an integrated nutritional management program, and supplementation of herds with unknown copper levels should be avoided. Copper oxide boluses are safe when used in accordance with label instructions. Chronic toxicosis in neonatal calves will likely occur when calves under 30 days of age receive copper oxide boluses. Age-related changes in copper absorption must be considered when selecting calf supplements. Supplementing gestating cows is safe, effective, and preferable to the use of boluses in neonatal beef calves. 
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